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This paper discusses the development of a new predictor-corrector block method 
of order seven for direct solution of third order initial value problems. The 
approach adopted in the derivation of the new numerical method is interpolation 
and collocation whereby power series approximate solution is used as an 
interpolation polynomial and its highest derivative is considered as a collocation 
equation. The properties of the new developed method such as zero-stability, 
order, error constant, consistency and convergence are investigated. The new 
method was applied to some third order ordinary differential equations in order to 
examine its accuracy and the results produced are found better when compared 
with the existing methods in terms of error.  
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   Ordinary differential equations are widely applied to model real life situations 
particularly involving engineering problems. The third order initial value 
problems of ordinary differential equations of the form  
 000000
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is considered in this paper. The conventional approach for solving higher order 
initial value problems is by reducing them to their equivalent systems of first 
order ordinary differential equations and then solving by using the existing 
methods. This is widely discussed in Goult [5], Lambert [7], Lambert and Watson 
[8], Fatunla [4] and Awoyemi [2]. However, this approach has some setbacks 
such as burden of computing and difficulties in designing computer programme 
which may affect the accuracy of the method in terms of error. 
  
To overcome this drawback, direct methods for solving higher order ordinary 
differential equations were introduced ([3], [6] and [10]). One of well-known 
direct methods is predictor-corrector method which approximates the numerical 
solution of higher order ordinary differential equations directly at one point at a 
time. Subsequently, block predictor-block corrector methods were introduced to 
enhance the former method by calculating the numerical solution of ordinary 
differential equations at several points simultaneously ([1], [12]).  
 
In the work done by Olabode [11], interpolation and collocation approach was 
used to develop block method whereby the numerical results generated for solving 
some third order initial value problems are not efficient in terms of error. Recently, 
Kuboye and Omar [9] also proposed a numerical solution of third order ordinary 
differential equations using a seven-step block method via multistep collocation 
technique. It is found that the accuracy of the method is not encouraging. 
In order to improve the accuracy of the existing methods, this paper proposes a 
new predictor- corrector block method with step-length k=6 for solving third order 
ordinary differential equations in which Taylor series algorithm is used to supply 
the starting values in implementing the method. 
 
2 Development of Block Predictor 
 












xaxy                               (2) 
be an approximate solution to (1) where k=6. The third derivative of (2) gives  
 














xajjjy                                     (3) 
Interpolating (2) at 4.2,0,   ixx in  and collocating (3) at 5)1(0,   ixx in . This 


















































































































































































































































(4)   
        
In order to get the values of a’s in (4), Gaussian elimination method is applied. 
These values of a’s are then substituted into equation (2) to produce a continuous 















































































































































Equation (7) shown below is derived by evaluating equation (6) at the 
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The first and second derivatives of (7) are derived by evaluating (8) and (9) at all 
grid points within the interval, i.e. t = -5,-4,-3, -2, -1, 0 and 1. Therefore, equation 
(7) and its derivatives at point 
n
x  are combined together in a matrix which then 




  to produce a 
block below  
 











































































































































































   
(10) 
 
The first and second derivatives of (10) give 
 


























































































  (11) 
































































































































































3 Development of Block Corrector 
 
In order to develop the block corrector, equation (2) is interpolated at 
4,2,0,   ixx in  and (3) is collocated at points 6)1(0,   ixx in . The approach 
used in the development of block predictor above is also applied in developing 

































































































































































































































             
























































































































































































































































































4 Establishing the Properties of the Method 
 
 
4.1 Order of the Block Corrector 
 
 
In order to find the order of the block corrector (13) which is the main method, the 
y and f functions are expanded in Taylor series about
n
x . This gives the method to 
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4.2. Zero Stability of the Method 
 
A block corrector (13) is said to be zero-stable if the first characteristic 
polynomial 0][det)( 10  EzEz satisfying 1z  and for 1z  the 
multiplicity must not exceed the order of differential equation considered. Where 







































































Hence, 1,0,0,0,0,0)( z . This implies the zero-stability of the method. The 
method (13) is consistent since it is having an order greater than one. Moreover, 
the method is convergent because it is consistent and zero stable as well-defined 
by Henrici [13]. 
 
 
5 Numerical Experiments 
 
The following ordinary differential equations are considered in order to examine 
the accuracy of the new method 
 
 
1. 1.0,5)0(,1)0(,3)0(,  hyyyey x  
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2. 1)0(,1)0(,1)0(,  yyyyy  
   Theoretical solution: xexy )(  
 
Table 2: Comparison of the new method with Olabode [11]. 
x Exact-solution Computed-solution Error in new 
method k=6, 
p=7 
Error in Olabode 
[11], k=6, p=8 
0.1 1.050041729278491400 0.904837418071401720 3.544220E-11 1.66845548E-09 
0.2 1.100335347731075600 0.818730753131199920 5.321810E-11 1.07247812E-08 
0.3 1.151140435936466800 0.740818219310485750 1.371232E-09 1459.00969E-08 
0.4 1.202732554054082100 0.670320037591848770 8.443791E-09 5.60600832E-08 
0.5 1.255412811882995200 0.606530629975453370 2.973718E-08 1.07616918E-07 
0.6 1.309519604203111900 0.548811557727338810 7.836669E-08 1.80036532E-07 
0.7 0.496585303791409470 0.496628602021518040 4.329823E-05 3.31228689E-06 
0.8 0.449328964117221560 0.449425680340088670 9.671622E-05 3.46704102E-04 
0.9 0.406569659740599050 0.406730767352329770 1.611076E-04 2.27964863E-03 
1.0 0.367879441171442330       0.368116691479127960      2.372503E-04 6.38022004E-03 










0.1 3.125170918075647700       3.125170918075647700 0.00000E+00 2.531308e-14  9.24352E-10 
0.2 3.301402758160169700       3.301402758160169300      4.440892E-16 1.612044E-13 18.3983E-10 
0.3 3.529858807576003300       3.529858807576002500      8.881784E-16 4.023448E-13 24.2400E-10 
0.4 3.811824697641270200       3. 811824697641268900 1.332268E-15 7.536194E-13  53.5873E-10 
0.5 4.148721270700128200 4.148721270700126400      1.776357E-15 1.212364E-12      7.00128E-10 
0.6 4.542118800390508900       4.542118800390507100      4.776357E-15 1.780798E-12         
 
3.90509E-10 
0.7 4.993752707470476600       4.993752707470472200      4.440892E-15 2.456702E-12 6.52952E-09 
0.8 5.505540928492468600       5.505540928492463200      5.329071E-15 2.212097E-11 2.15075E-08 
0.9 6.079603111156950800       6.079603111156943700      7.105427E-15 5.231993E-11     3.88430E-08 
1.0 6.718281828459046400       6.718281828459038400      7.993606E-15 8.860113E-11 6.15410E-08 
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6 Discussion of Results 
 
Table 1 shows the comparison of the new method with Kuboye and Omar [9] and 
Olabode [11] block methods. It is apparent in Table 1 that the new method having 
order p=7 performed better in accuracy than the methods in Kuboye and Omar [9] 
and Olabode [11] even with the higher order p=8. Similarly, the numerical results 
produced from the new method are found to be better when also compared with 




The derivation of predictor-corrector block method has been considered in this 
paper and it was applied to some third order initial value problems. The numerical 
results generated revealed that the new method performed better than the existing 
methods in term of error and these are shown in Tables 1 and 2. Hence, the new 
developed method can be employed as viable alternative for solving third order 
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